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PICATINNY^^SENAL. 

AüthörTi^ätibh.:      Ordnance 'Research and Development Division, ORDTB 

Project No. TB4-621        * Report. No. 1 

DÖA Priority:      ' IG _ 

Project Title.:      Adhesive and Sealer- Problems   (Polyester Sealers for 
Threaded Metal Parts) ' , , 

OBJECT 

To develop a series of sealers of varying strengths for1 use in fastening 
>together, threaded metal parts. 

SUMMARY- 

A series of sealers has been developed for fastening threaded metal parts 
together. It appears that these sealers will be widely usable in place of set- 
screws, lock washers^ staking, and other techniques, and devices for preventing 
the unscrewing of assembled parts. The sealers are unaffected,, or only moderately 
affected, by moisture, temperature changes from --45<->F to /l'60°F, and vibration, but 
the sealer can be chosen so that, subsequent unscrewing, and disassembly will be 
possible at practically any specific torque which ris desired. The sealers set at . 
room temperature in about 3 to ;4 hours.. All materials used are commercially' ävail- 
„able>.  '• 

CONCIUSION 

"Seven polyester and polyester/plasticizer compositions provide thread sealers 
^y which threaded parts can be sealed, together with, a variety-of degrees of strengths. 
With these.sealers, parts can be held together «with great firmness, or with practically 
any desired lesser degree of firmness.. The sealers harden at room temperature,within 
ä few hours arid sbow good retention of properties under extreme temperature, humidity, 
and vibration conditions, It would appear that, these sealers, will, have a wide utility 
.'in; Ordnance applications.. 

Since these sealers will not harden in^contact with copper, brass, or lead, or in 
contact, with rubber compositions which contain sulfur, the s,ealers must be used between 
'surfaces which do not consist of these materials. 

RECOMMENDATIONS 

lb It is recommended that these sealers"be Used for fastening together threaded 
metal parts in general accordance with the information provided in this report. Appendix} 
1 contains condensed information on the selection, application, and'use of sealers-, this  j 
Appendix being specifically intended as a brief manual on, these materials for the use of 
design engineers. 

2. It is recommended that a specification for these materials be, prepared. 

P<f~ 
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INTRODUCTION* 
ii •% " 

1» This investigation- was undertaken in an effort to develop an improved 
methp'd f.pr fastening threaded parts together securely., Setscrews, lock washers, 
and staking have been widely employed for this purpose in the past. Setscrews* 
arid lock washers are not applicable in all instances- because of space limitations 
and inaccessibility. Staking is permanent but must be skillfully done and will 
hot permit subsequent disassembly if the need arises. 

2i Accordingly, it could be foreseen chat a liquid sealer"or a series of 
liquid sealers would have many useful applications. Preferably, the sealers in 
the series should vary in strength so that the torque required, for subsequent 
disassembly could be chosen at will. 

RESULTS:• 

3* The results on the study of polyester 'Compositions as thread sealing 
materials are recorded in Tables 1 to 9, inclusive. Figures 1 to 9 present the 
same data, in the form of graphs^. Results obtained can be summarized as follows: 

a. Effect of..type of resin—Polyester A -(rigid, type) produced a. higher 
torque than did"Polyester B (flexible type),. Torques of approximately 450 ft-lbs 
Weri produced with Polyester A on i-inch-diameter bolts, and torques of about 
240 ft-lbs were produced by Polyester B* These data are shown in Table 1, 

b> Effect of catalyst—Varying concentrations of catalyst from 1$ to k% 
did not appreciably alter subsequent torque. These data are shown in Table 2, and 
in Figure 1. 

c. Polyesters modified with.liquid polybütadiene~-Polyesters modified 
with liquid polybutadierie produced appreciably lower torques than unmodified 
polyesters... This was true for both the rigid and flexible type polyesters. The 
decrease in tor<iuö was most marked at low concentrations of polybutadiene, con- 
centrations above 1%  producing proportionately less reduction in torque. This is 
shown in Tables 3 and 4, and in Figures. 2 and 3. 

d. Polyesters plasticized with dimethyl,phthalate—-Dimethyl phthaiate as 
a plasticizer was relatively ineffective with Polyester A but was very effective in 
reducing,to© torque produced by Polyester B. One to five percent dimethyl phthalate 
incorporated with Polyester A did not produce much decrease in subsequent torque, 
although 10$ or more dimethyl phthalate did produce ah appreciable decrease. The 
above data are shown in Table 5A and in Figures 4 and 5. 

e. Polybutadiene as compared with dimethyl phthalate—Polybutadiene is 
more effective in reducing torque than is dimethyl phthalate. For "any given con-K 
centration, pplybutadierie produced a greater drop in torque than did the dimethyl 
phthalate. This its shown in Figure ?. 

«•XA 



'¥• Jolyesters; plastioized vith etiiyi^ lactäte - The behavior of ethyl 
'laotfsbe as: a. plästicizer is. Similar to that; "of dimethyl phthalat-e. Ethyl 
lachte employed with Polyester B effectively decreased torque; whereas,^ ethyl 
lacfate with Polyester A was relatively ineffective at percentages less the» 
äbo.u£ lQf>.  .This is shown -in: Table 9- 

8- Polyesters .filled with carbon black - Concentrations of 1/2$ and Vf> 
carbon black with either Polyester A or B failed to lower torque.. This is, 
sifown in Table 8. 

h. The,effect of bolt diameter on torque resistance - For any given 
resin,, the-torque on a Irinch-cLianfeter bolt is greater than on ä l/2-inch^ 
diameter bolt. -Inigeherai, the increase in torque is approximately proportion- 
^ to the iticrease in the exposed sealing area and the increased moment arm. 
This-is shown'inr Figure 8. 

ii Effect of ylbratiöns - Vibrating bplts initially at T65°F and at /l6ö°F 
did hot appreciably alter the torque ,bf any of the four compositions, i.e., 
pure Polyester A,' pure Polyester B, Polyester B plus 10$ dimethyl phthalate> 
and Polyester B plus 10$ polybutadl&ne. The results of the vibration tests 
are shown in Table 6 and in Figure '9 >• 

$. Effect of .low and high teziperature on torque - Assemblies tested at, 
T65°F produced: higher torque than did assemblies tested at room temperature; 
whereas,; assemblies tested at / l6o°F produced lower torques. The results 
of high and low temperature tests are shown in Tables 5 B and C and in 
Figure.6; 

k. Effect of temperature cycling -.    When bolts sealed with the compositions 
listed under "Effect of vibration" were subjected to temperature cycling between 
•-65°F and / 160^, the torques obtained were essentially the same äs for the 
uncycled samples. This is shown in Table Y and Figure 9• 

. #•_ 
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DISCUSSION OF RESULTS; 

k.  Among the; various materials available for examination as thread sealers, 
polyesters possess several advantages. In particular, polyesters are available 
which are thermosetting. at room temperature> and polyesters are known to be 
relatively stable in properties under the adverse conditions of storage to which 
completed Ordnance items-are often exposed. In addition, polyesters are avail- 
able with a wide rang§ of -properties. 

5. Briefly stated,polyesters are condensation products resulting, from the 
reaction of polybasic acids and pblyhydroxy alcohols with consequent elimination 
of water. The reaction of a saturated dibasic acid and a saturated' dihydric 
alcohol will yield a linear polymer. Since there are no Unsaturated groups in 
the chain, subsequent cross-linking is not possible and, thus* the polymer is 
permanently thermpplagtic... However, the most widely used polyesters contain a 
significant portion of malic acid or some other constituent which has an ethyl- 
enic bond after condensation. 

8 
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&t To 'this linear> partially ünsätürated polyester, is added a vinyl 
monomer of some sort> generally styrene* The principal purpose öf tkJ 
styrehe is to convert the original polyester into a cross-linked,, threer 
dimensional, thermöset polymer. This conversion takes place only after 
addition of peroxide catalyst to the polyester/styrene mixtures Inci- 
dentally, the monomeric styrene serves two other useful, purposes; (1) the 
styrehe reduces the cost of the final polyester, and (2)the styrene lowers 
the viscosity of the mixture previous to final polymerization. During the 
final polymerizatiön-crbss-lihking between the original unsaturated polyester 
•and the styrene - the reaction involves only molecular addition, and there is 
no elimination of water. Accordingly, polyesters, differ significantly from 
other thermosetting res.ins> auch as the phenplies> in that, the latter resins 
cure by pondensätioh, thereby liberating Water'which, thus, demands high 
temperatures and pressures. 

7. All polyesters follow a general pattern during the final curing or 
polymerization process. The liquid polyester is first converted to a gel. 
Gelation-' is then almost immediately followed by further polymerization to the 
final infusible solid, it is during the^ last stages of polymerization that 
all the •ultimate physical properties of the polyester are developed. 

8. Most-polyesters" can he cured at room temperatures in= a relatively short 
time. The-^resins used in-.this investigation generally cured within three to 
four hours'when catalyzed with I# methyl ethyl ketone peroxide "by weight. 

9. Thus far,, the discussion Has consisted of a brief description of 
polyesterB in general. The main objective of this investigation, however.) has 
been the selection of ä material capable of mechanically sealing threaded parts 
together. 

10.Two possible mechanisms are immediately apparent by which polyesters 
might provide the binding action which is observed. In the first place, the 
polyesters might bind thö bolts in place by the adhesive action of the polymers. 
In the second place, the polyesters might bind the bolts in place simply by 
fillihg-and obstructing the threads. On the basis of observations to de/be,, it 
is believed"that the first of these possible mechanisms plays only a minor part 
in the observed performance and that the binding action is probably due princi- 
pally to the second mechanism. 

ll.The-first mechanism seems improbable because polyesters have relatively 
poor adhesion to steel. In addition, low§r temperatures would not be expected 
to increa-se torque and would, if' anything, result in separation of the sealer 
f r=om the metal and> hence, would result in lesser torque. 

12.If, on the other hand, the polyester simply fills and obstructs the. 
threads, the resisting torque which' results: would be a function of ä great 
many variables, most of which so far have not been measured, but which would 
include the shear strength of the polyester; As far as the available data go, 

9 ' 
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the data are consistent with- this explanation since the higher strength; 
pou;yesMrs"'hä^e"pr;6äuced\the greater binding torques. As a result, this is 
a tenable' explanation for the mechanism involved even though the data col- 
lected are insufficient to prove that this is unquestionably the mechanism 
which is involved or that this is. the sole mechanism. 

13'i The. observed variation in torque with, variation on bolt diameter 
provides no indication of the mechanism by which torque resistance is pror 
dueed because the variation observed is in accord with expectations in 
either case', Whether produced by shear strength of the polyester or by 
a&h&slon, torque would be expected to be proportional to the area of 
sealer and~to the moment arm of that area about the center of rotation. 
Taking these into consideration.; the torque resistance produced in 1-inch 
diameter- boits would be expected to be, about" eight times that produced -on 
1^2-inch diameter bolts- Observed, torque values are very close on this 
ratio-:. 

Ik.  From the foregoing "investigations of polyester sealers applied to 
bolts, it is apparent that the  torque produced is determined by several 
significant variables. These variables- include both the characteristics 
of the material which is. used aa sealer and the characteristics of the holt 
and threads" which are, being sealed; 

15-. The relevant properties of the material used as sealer depend on 
the properties-of the cured polymer" itself and upon .the modif Ipatron, in 
characteristics which is ihtrpduced by adding plasticizer. The relevant 
properties of the bolt and thread system consist of the following; (a) 
diameter of the holt, ,(b) class of threads,, (c) type of threads, (d) knicks 
and irregularitles: that are found in threads due to machining, and (e) the 
contour and other dimensional characteristics of any threaded, piece. 

16. Effect of catalyst, T To initiate the final .polymerizätion or cure, 
catalysts are used. These are usually of the free radical producing: type, 
such äs peroxides. The catalyst, to some degree, contributes to the ulti- 
mate property of "the final resin, by virtue of .its ability to control chain 
length*- in this study, effect -af catalyst concentrations was investigated 
using concentrations •0? l/tyk to k%>, by weight. For all practical purposes 
it can be concluded that catalyst concentrations will not appreciably alter 
the torque. 

17. Effect of properties öf the sealer - It was mentioned above that 
the torque produced seems to be mainly due to mechanical obstruction of the 
threads. Consequently,•it follows that ä resin having high mechanical 
strength under compressive aiid shear stresses will produce high torque 
values. This was found to be the case, since resins' ranging from the most 
rigid to the most flexible yielded torques of decreasing magnitude with 
decreasing rigidity; with polymers of this sort Compressive aiid shear 
strengths generally decrease with decreasing rigidity and hardness• It will 
be seem'that rigidity and hardness in themselves probably have no effect on 
the torque which is produced, but these two, properties simply parallel 
roughly tbe strength properties which actually produce the torque resistance, 
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Accordingly, it Is not surprising to phserve that decrease of torg.Ua ia not 
a line^ function of decrease In rigidity. Actually there :se©ms ip "be a, 
sharp* drop in torque at: the- first decrease in rigidity. The most marked 
drop in torque usually coincides with, the first small percentage addition 
of polybutadiene or dimethyl phthalate> as shown in Figures 2 to 5 inclusive. 

*&'<•  Tfae use of plasticizers - An avowed objective of this work was 
provision of a .series of sealers such that holts could "be fastened in place 
with."various degrees of firmness and torque resistance. This- has resulted 
in the specifying of seven sealer compositions to provide torque- resistance 
from vejry high to very low. It Would prphably have been possible to locate 
seven different polyesters, of appropriately varying strengths, to cover 
thlti. range. However,, essentially the. same could, he accomplished b^ nzsing 
fewer polyesters hut modifying these with added plasticizer. The advantages 
in procurement, storage, and utilization seemed in favor of few polyesters 
with modification "by varying percents of one -plasticizer. 

19« It should he -pointed out that plasticizerB are generally /added, to 
pbiyäers' to increase toughness and/or flexibility," aiid the concomitant 
decrease in strength is accepted as ah unavoidahle simultaneous effect.. On 
the. other hand, in the case of these sealers, plasticizers were added de- 
liberately for the purpose of weakening the polymer,. 

20. "Vjhen pplyhutadiene was used as the plasticizer, it worked well 
with either the rigid or the flexible resin. It is conceivahle that the 
addition of pplyhutadiene served not only -as a weak filler in the mechanical 
sense hut also to some small degree- as an utisaturated compound capable of 
entering into the poiymerizätipn reaction. Apparently, in the curing re- 
action, the polybutadiene modified the properties of the pure resin into a 
meteriel that was weakened hy introducing a longer chain crossblinking agent. 

21. Dimethyl phthalate and ethyl, lactate similarly weakened the polymer 
hut only in the case of* the flexible type, resin. Both of these materials 
are plasticizers capahle only of plasticizing certain polymers. Polyester B 
is  helieved to he derived from adipic acid while, on the other hand, the 
rigid type polyester is helieved to he derived from phthalip acid, and, in 
general, polymers derived from phthaiic acid seem to he less capahle of 
piasticizstibn than those derived from aliphatic acids. Accordingly, it is 
postulated that in the case of polybutadiene, this, material produces weaken- 
ing hy copolymerizäcion with the polyester to a limited degree;; whereas, in 
the case of ethyl läctate or dimethyl phthalate., these materials act solely 
as plasticizers-. 

22 i Diameter of holts -. It is to he expected that increasing the 
diameter of the holt will increase the torque required to hreak the seal 
and initiate unscrewing, hpth "because increasing the -diameter increases the 
area of sealer and a-lso hecause increasing the diameter increases the moment 
arm hy which the sealed area resists turning. 
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23. Class of .threads •? Most, common threads are produced in classes 
varying 'from"the most loose fit or Class 1 to the most tight fit ov 
Class k•'or $.-. Glass 2 threads were used in this investigation and, other 
classes were not tried. Accordingly,. these results «ind. conclusions-.are 
valid for Class 2 fits and would have to he modified in connection l?£th 
other fits in accordance with subsequent investigations,.. Class 1, i§- 
usually encountered in large production work where speed is of prime.- im- 
portance.. Classes 2 and up are usually used in thos$ types of work where 
•fit. is of greater, importance. \. 

2k.  Type,of. threads - The type of thread refers to the number of 
threads per inch. As "stated in most thread circulars,  two types.,.are. 
accepted| namely. National Coarse and National Fine, the latter having 
more threads per* inch. National Coarse threads were used in. these ex- 
periments. Accordingly, the results, and conclusions are valid in detail 
for this type of thread and may have to he modified on the has is of ex- 
periments' with National Fine threads. 

2i>. Up, to this, point the discussion has Consisted of the variables 
affecting initial torque. Other factors, can also affect retention of 
torque resistance and hence would affect durability as distinct from 
initial strength. These factors consist of variables such äs weather, 
temperature, vibration, etc. 

26. Effect of low and high temperatures - Most polymeric materials, 
when expoied to low "temperatures, such "as T653F, "become, increasingly 
strong as well as increasingly hard and brittle... Accordingly, as would 
he expected,, higher torque resistance was observed at low temperatures. 
Also/ it will be observed that at low temperatures ail the polymeric 
compositions evaluated tended to approach the same torque resistance. 

27. At-the other end of the scale, most polymeric materials, when 
exposed to higher temperatures, such as l6Ö°F., tend to become weaker and 
softer. This is definitely the'case for thermoplastic materials, and to 
a les,ser degree is- also true of thermpsetting materials > the degree of 
Weakening depending upon the chemical constitution, of the polymer. Since 
the polyesters: considered in this investigation are thermpsetting, re- 
duction: of stress1 will not be extreme. As a result, the torque obtained 
at löO^F to? any giveh bolt and resin was appreciably lower than at room 
temperature but was not so low as w^ould be expected if a thermoplastic 
'matörisiT'iiäd been used. 

28i It was observed that as the temperature increased^ the reprp.duci- 
bility of torque values decreased as is shown in Tables 10 and 11. Since 
torque is produced' partly by mechanical irregularities even iri the absence 
of any sealer, this observed increase in erraticness may be partly due to 
the. increasing dominance of mechanical irregularities in torque production 
as the sealer becomes less important. 
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29.. Effect of .vibration; Severe vibrations can an nuny instances cause 
polyester jaigce's of the rigid type to vcrack. Since vibration of one form or another 
is encountered ih many thread applications,, this condition was. investigated,, iis 
discussed above under the »Effect of High and Low Temperatures", it is dearly seen 
that extreme temperatures can alter the physical strength of most polymeric materials0 
jn order to combine the most disadvantageous temperature condition vixth., the; disadvan- 
tageous effect of vibrations, the bolts were-, vibrated at extreme initial tempera- 
tures with gradual return to equilibrium or room temperapures. Since at>-650F the. 
resin tends to become hai>d and brittle, it would. seem: that severe vibration at low 
temperature Would have more of a detrimental effect- on the resin than if severely 
vibrated at room temperatures.,, Accordingly,, two sets of-bolts were vibraf,ed,. one 
initially at -65°F and the other initially at 166°F<,. Further, four resin- compositions 
were studied to determine which Would be more affected under such adverse conditions,. 

30, Within experimental limits and. for all practical purposes-, it can be stated 
that adverse conditions of continuous vibration dp riot generally .alter the torque for 
any given bolt and resin appreciably,, However, this is not the case for the resin. Com- 
position consisting of' flexible polyester plus 10$ polybutadiene„ For this composition,, 
it was observed that vibration at either extreme temperature reduced the torque- by 
approximately 50%  of the untreated bolt» 

31. Effect of temperature,cycling-- ,Since many threaded parts ,are exposed to varying 
conditions of weathering, a series of bolts sealed with four different resin compositions j 
was subjected, to temperature cycling, consisting essentially of exposing the bolts to 
-^6j5°F for § hours followed immediately by 160°F and 9©& R.H,. for 16 hours., This was    1 
repeated for ä period of six days» Under such adverse conditions the bolt.s: were found to | 
.be'/'t.otally"iunä±,fec^ed.'o | 

32« Contaminants— One precaution must ;be kept in mind in connection with the 1 
curing ^of polyesters,. These materials will not cure along surfaces' which are in .contact i 
with copper, brass,, or lead or in contact with rubber compositions which contain sulfur,. 1 
Accordingly, the sealers would not cure if used with brass bolts. If, for example, rubber 
or lead washers were used in -conjunction with steel bolts,, the polyester would remain 
sticky and would not' cure where in contact with the washer, but would be expected to cure ] 
normally in the threads slightly removed from the washer, 

33.- Summary—: It has .been found that, polyesters prgyide remarkable and controllable 
resistance to torque in threaded parts. It seems that this application of polyesters 
can eliminate the use of self-locking threads,, washers and other mechanical devices'in 
many types of assemblies. The stronger polyesters produce very high torque, making the . 
removal of a l"-di.ameter bolt very difficult. In some intended applications this is 
desirable,, while iri others a somewhat different result may be preferables Considering 
a specific application, it may be desired that ä threaded part be-capable of withstanding, 
a limited, specified torque,, but be. capable of unscrewing under a somewhat higher torque, 
-Such an application might occur in any machine assembly, in which the' sealer would pre- 
vent loosening from\ vibration but would permit unscrewing under the -action of a,wrench. 
The degree Of torque resistance required can be obtained by varying the composition of the 
polyester sealer« • " 
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34. Resin prepärati on-~Essenti ally, the procedure öf preparing the resins consisted 
in mixing the' .pure resin and the. catalyst by hand-stirring.    All resins were catalyzed 
with 1% methyl ethyl ketpne .peroxide,, which is the percentage by weight of the resin 
or in. some cases, of the total weight of the resin polyputadiene, etc.    All .percentages 
recorded are on- a weight, basis« 

35. Res in .application-- Application of resin to bolts was- accomplished by spread- 
ing the resin onto the bolts by means of a brush,,    In some cases, dipping.fhe threaded 
ends zf the bolts into a beaker of .resin was also used.    The nuts. were, -screwed onto 
the bolts until the end of the screw and the lower face of the nut were flush«    Bolts, 
were than allowed to stand, at room= femperafWs for at least one day bsfbre= any test- 
ing Was: conducted,, 

36. High and low temperature„.testing—Bolts- that were subjected to high and to 
low temperature'were stored at the respective temperatures, for a.period of 24 hpurs, 
T.orque was determined by means of torque wrenches,    'Due'to the lack of proper facili- 
ties,  one bolt at a time was; removed from the conditioning boxes and immediately tested 
at room temperature on a vise.     It is believed that no appreciable change in tempera- 
ture would talce place in testing the bolt by suck means since only a short interval of 
time is required"for the actual testing of torque, 

37«    Cycling—Bolts were subjected to -65°F for a. period of eight hours.    This- was 
immediately followed by subjecting the bolts, to an atmosphere, of. l60öF and 90$ R„H, for 
16 hours and than followed by another 8 hours at -65°F, • This hot-cold treatment was 
performed fpr six consecutive days.    Torque was then determined at room temperature,. 

3$.    Vibration--0ne set of bolts was stored at -65°F for 24 hours and a second set 
was stored^ at I6O0F, 96$ R„H„,  also for a period of 24 hours.    Both sets of bpits were 
placed OB a mechanical vibrator, having 550 rpm and £ "eccentric"., and were vibrated 
at room temperature for four hours.    The bolts started at -45°F or. at /loO^F, but came 
to room temperature during the vibration.    The bolts were tested fpr torque at room 

39v.    Condition of tests—Unless otherwise .specified, all bolts were tested at 
room temperature,    Twp= torque wrenches were in use,, one having, a. capacity of 606 in -lbs 
lor the g-inch~diameter bolt and the other having a capacity of -6Ö0 ft-lbs for the 
i-rinch-ciiameter bolts.    Further, the l-inch-diameter bolts were of the National Coarse, 
Class 2.    The |—inchr-d-iameter bolts were also of the National Coarse^ Class 2 clasgi- 
x JUU äüxOu • - 
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Appendix 1 

Choice and Preparation of Polyester 
Thread, Sealers for Ordnance Applications 

Choice, of,. Composition  , 

Choice of composition will depend upon the torque resistance, which is, desired. 
Tables 10 and 11 show the torque values which can be expected with IT-diameter bolts 
and l/2"-diameter bolts with 7 different sealer compositions. Additional -interme- 
diate values could be obtained With corresponding intermediate compositions. However, 
the. torque values .list-ad are believed .to cover .relatively well, the range that will' 
generally; be required, and it is! recommended, that some one of thesa 7 compositions be 
specified whenever possible.. 

In these tables, the variations shown will include 99$ of the values that will 
be encountered,. These predictions are based on a statistical analysis, this analysis 
being dependent on the distribution äs expressed by the standard deviation. Since the 
number of samples available were relatively small, and since the method of statistic'al 
analysis employed did not include a ^actor for consistent trends, the predicted 
variations are overiy large if anything and would not be expected in ahy case to be 
found subsequently to be. smaller than should have been predicted. 

• Preparation, of. Sealer 

The.,:seal er composition will consist of polyester resin to which catalyst has been 
added to which plasticizer may have been added. The polyester should be weighed with 
an accuracy of / 3$ of the weight involved, and the catalyst and plasticizer #iouid be 
weighed with an accuracy of £ %  of the weight involved. The plasticizer arid catalyst 
ciänbe added to the polyester and ail three then mixed; Mixing should be sufficient to 
secure uniform- distribution of both plasticizer and catalyst throughout the- whole. 

Application of Sealer 

'The Catalyzed 'composition is applied to threaded parts by brush or by dipping the 
.end .of the bo] t in a container Of the thread sealing composition, in either case the 
.composition' is applied" to the bolt only. 

Curing " 

Polyester Ä will harden withinapproximately 4-6 hours at 77°F. 

Polyester B will harden within approximately 8 - 10, hours at 77°F« 

Precautions " 

(a) ffire Hazard:    In connection, with the original polyester or the sealing compo- 
sition after combining, polyester, plasticizer,  and catalyst, the fire hazard involved 
is, aboUt the same as for ah equal quantity of paint,  and precautions should be taken 
as would be taken for paint in equal quantity and under similar conditions of applica- 
tion. 

.--, yiC- 



The catalyst is an organic peroxide which may detonate if it catches. fire. 
Accordingly,, the catalyst should be stored in small quantities and should be especially 
protected from open flames or other igniting .agents» such as red hot wires. After addi- 
tion to the sealing composition, the catalyst is so diluted, that, it no longer cpnsti^- 
tutes a special hazard, and it does not increase the hazard of the mixture appreciably,, 
During curing, the; peroxide is- entirely consumed and therefore disappears.. 

(b:) Vent ilat ion—Alt hough polyesters have a moderately strong, odor which is found 
by some persons to-be seriously object iohabley the materials are not especially toxic. 
Ventilation equal to that when the same amount of paint is -used should be adequate. 

(c). Dermatitis-?— Although polyesters have an odor, polyesters have not been found 
to cause dermatitis, in general, even among operators who have their hands in the material 
much of the time,; 'Accordingly, problems resulting from, dermatitis should not be ex- 
pected. ^However, it must be remembered that exposure to organic vapors or to volatile 
liquids constitutes' abnormal exposure for the human skin, and, accordingly,, it should be 
expected that an occasional person will be encountered who may have a more or less ad- 
verse reaction to these sealers. 

Peroxides are strong oxidizing agents'capable of causing severe burns to the 
unprotected skin. Accordingly, contact of skin with undiluted catalyst should be 
avoided. 

Pot. Life of Catalyzed Resin 

The working life of Polyester A after mixing, is approximately 2-3 hours at room 
temperature. For Polyest.er B under similar conditions, working: life is approximately 
2§ to 3j hours. After this time^ the sealer composition, becomes too viscous for satis- 
factory spreading. 

Gleaning of Utensils 

Polyesters can be dissolved in most of the common hydrocarbon solvents such as 
toluene, benzene, acetone, etc, providing the resin has not gone beyond the gel stage. 
On the other hand, the cured, hard sealer is unaffected by any solvents. The hardened 
material is .normally removed; from its container by freezing. The resin contracts con- 
siderably during the freezing and can often be removed simply by inverting the container. 

Storage» 'Conditions 

•Even without the catalysts added, the polyesters will gradually polymerize at room 
temperatures and, after about 6-8 months at 75°F, will become too viscous for convenient j 
use. Accordingly, it is preferable t° store the polyesters at about 35.°F or löwer. 

The catalyst itself is", subject to S3.QW decomposition at room temperature and, 
after about 3 months at 75°F> this decomposition will'have seriously reduced the strength 
and activity of the catalyst... Accordingly,, it is preferable to- store the catalyst at 
35°F or löwer.     * f 
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Consasrcial, Designations änd Source of Recommended; Polyesters and Catalyst Materials 
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TABEE 1 

Effect of type of, polyester on torque at,room temperature 

(a). Polyester A, 

i» dia bolts. 

Torque ft .'"Ibsu. 

'( 46© 
2 : 470 

"•^J— 4W 
.4 '     460 

c. 
V 420 

- 6 470 
7 ,    >     450 * 

¥ diet faults- 

Sample/No. Torque, ft."lbs. 

1 50 
•2; 60 
3i 

4 55    '' 
5 ; 55 
6 55 

Average 454 Average 56" 

ObO Bolyesi ;e"ir B 

1» dia bolts 

Sample No. Torque ft. "lbs.. 

1 220   '• 
2 270 
3 220 
4 ' 300 
5 250 
6 200 

¥ dia bolt& 

Sample No. Torque ft.-lbs; 

1 31 
2 31 
3 '\ 32 
4 32 
5 
6 

Average 243 Average 32 
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TABgE 2 

Effect öf Catalyst Concentration 
Tested at Room Temperature on 1" Dia.. Bolts 

(a) Polyester A 

% by wt of 
Luperjol DDM Sample „I 

TQ3rqu;e,;, Itr.lbS; 

Sample 2 Sample„3 Sample,4 Sample 5 Average Torque Ft,-Lbs 

0.5      400 
l.Q      .370 
2.0      450 
3.0      440 

400. 
•400 
450 
410 

- 

400' 
•;3S-5-. 
45Q 
425 

((b)- Polyester B 
* 

% by wt of 
Lupersol DDM Sample 1 Sample 2 Sample 3 Sample 4 Sample ,5; Ave rage. Torque, Et ...-lbs 

0.25 230- 250 . 270 : 250 
0.5 290 . 300 ' 200 200 270 , 252 
1.0 -270 320 295 • 
2.0 260 270 250  , g      250 230 252 
3*0 27O 300 285 
4.0. 210 250- 240 233 

TABLE 3• 

Polyesters plus Polybutadiene (PBD) 
Tested on 1". Dia Bolts- 

, Torque, ft- Ibs 
(a) Polyester B -. 

% by wt PBD Sample. 1 Sample 2 Sample 3 Sample > 4 Average Torque, Ft. -lbs 

1 140 170 200 170 
5 80 70 80 77 

10- 60 60": 50 57 
15 15 20 "  20 18 
20 . 20 ,10 • 30 20 

(b) Polyester A 

1 . 250 300 270 273 
5 160 . 180 •' 170u- 170 

10 140 100 • 100. 113 
• 15. 50 80 65 

20 .50 40 ,    -60 50 

rvy.~v-> TT 
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•"(ja)    Polyester B 

#' by 
PBD 
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TABLE" 4 

Polyesters Plus. Pölybutädiene 
,   Tested on.hn ßia Bolts 

i 
• 5, 

3© 
15, 

20 

TorqueV In. -^Ibs 

Sample j Sample 2 Sample_3 Sample 4 

215 
SO 
35 
30 
IG 

106- 
60 
35 
20 
10 

65 
•55 
.35- 
45 
15 

125 

40 
15 
35 

Average Torque 
ft-lbs        in-ribs 

II 
5. 
3 
2 
1.5 

126 
65 
36 
28 
18 

1 
5' 

10 
15 
20 

Polyester A 

315 325 375 
475 225 230 
150 150 75 
75 50 7P 
25 60 25 

200 
85 
30 

28 
20 
12 
6 
3 

338 
243 
144 
70 
35 
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TABIf 6 

Vibration 
Testjed fön-1"; bol-is 

(a) -ffi. ¥iInj:tia3:„Temperature 

•Rwsjiti Composition- 

A 310 
Polyester,B 250 
Polyester B / lOf. DMP 120 
Polyester B /' ±0% PBD 30 

(b) /l60°F Initial Temperature 

Polyester A 
Polyester B 
Polyester- B / ±Ög DMP 
Polyester B '%"WJL PBD 

300 
100 

,,.2._ 

500 
300 
150 
'40 

450 
330 
110 
.20 

Torque Ftrlb's 

525 
210 
120 
20 

50Q 
250 
130. 
4b 

Control 
(onöt vibrated) 

.ÄY^-^forqüe^FArlbs. Av^JTorqiie Ftrfes. 

445 
253 

30 

420 
293; 
113 
30 

454 
243 
121 
57 

454 
243 
121 

- 57 

Resin ^Composition _1_ 

Polyester A 510 
Polyester B 230 
Polyester B / 10$ DMP 150. 
Polyester B' / log PBD 50 

TABLE 7 

Cycling: 
Tested on 1" diä bolts. 

. i  Torque- Ftrlbs 

2,   T3- Average Torque Ft-lbs 

490 . 480 
220 . 210 
150- 100 
70 50 

493 
220 
133- 
57 

i^{ 
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TABLE- 8 

^„•e'ste^ PlSus Carbon Black 
Waited,, on i»! ;dia bolts; ... - 

i 4 

(a) Polyester A 

Törqüe F-t-lbs, 

a. 
_2L 

350 
460 

;4xa 
460 

450 
460 

403 
460 

(b)1 Polyester B 

x 
260 259 300 

S270 
270 

TABLE 9 

ester Plus Ethyl Lact äte (E.L.) 
Tested." on 1" idia bolt-si. 

(?a) Polyester B 

Torque Ft-rlbs 

# by iwt. 
..B.L. - . i ^Average, .Torque , Ft-lbs, 

1 260 
5 200 

10 100 
20 40 

330 290 
I90 140 
100 110 
26 .20 

293 
176 
IÖ3 
27 

AT..V po-i,j.eg^er A. 

X 
.5   450 
io  400 

430 440 
420 36O 
39Ö 330 

460 
41Ö 

iT'f 
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TABLE 10 

Torque, for 1",,diameter,. Glass 2, National.Coarse Bolts (3/4" Engagement) 

-Composition of JSeaier 

Polyester k (rigid type) 

Polyester B (flexible type.) 

Polyester B/dimethyi phthälate 
C99YX> 

Torque ^ft-lbs) at, 

9F 

^ '55öir  450, £ 4P   425; £, 80 

- >-5,501  ;2|0 £ 90    95 2^'15 

approxi 4001  180 £ 50    6^ £ 40 

(95v5) »           3501     170 £110 45 £ 20 

(90:10) r   u '         3Q01     120 £ 70 40 £   5 

(85:15> - 2       70 £ 5P 40 £   5 

(75:25) - 2       25 £ 11 25 £ 12 

Available data not. susceptible to statistical analysis. 

2^p data available. 

TABLE'11 

Torque for l/2'~?: diametery. Class 2, National Coarse Bolts (3/8" Engagement) 

Torque, (-£t=ibs=).- at- 

Coiapositioh; of _Sealer 

Polyester A (rigid type) 

•Polyester B (flexible type) 

Polyester B/dimethyi phthalate 
(99:1)' 

9     (95:5) 

" '(90:10) 

n"     (85:15); 

" 175:25) 

Available data not susceptible to statistical analysis, 

&No data available. 

-65°F     ^77°F. £L60°F 

>501     55. £10 4©£l 

> 501     30 £   2 7 £ 2^5 

45 £ 30 28 £ -20 6.5 £2.5 

50 £ 40     161 
41 

45 £ 25     ili -2l 

kSr     - 8?" 21 

40> £ 20   3 £ i J- 
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ARMED   SERVICES   f ICH NilCAIi  THrÖRM;Ätl0N   AGENCY 

•ilv  i,  1 Ü 11 D; 1 N G,   DA V T Ö N ,   2 >   © Hl O 

y°TICE!  Wheni Gpvernmept oröttier äräWin|s, ßpöcilieatiöns or 
öthir diäta are used for any purpose other than in connection with 
a definitely relate^ Qöyernmejit procurement operation, the Ü.S* 
Governmeht thereby incurs no responsibility, nor any obligation 
Whatsoever; and the fact that the Government may have formulated, 
furnished, or in any Way suppig the said drawings, Specifications 
or othe^däta l|^tj^0 be regaraedfey implication or otherwise as 
in any- g^^|Ä|nslng, the holder or*any otÄr person or corpora- 
tion, 'or^^||^|^-2^lr^to;ör permission ;to manufacture,, use or 
sellanj|J|i^ in aitiy way be related thereto,'! 
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